The objective of the present work is to assess the global wind and wave resources in the vicinity of some developing countries by evaluating 16-year of data (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016), coming from the European Centre for Medium range Weather Forecast (ECMWF). Until now, not much work has been done to evaluate and use the renewable energy sources from these marine environments. This is because most of the attention was focused on more promising areas, such as the European coasts, which are more advanced in terms of technical and economical aspects. A general perspective of the current energy market from the selected target areas is first presented, indicating at the same time the progresses that have been reported in the field of the renewable energy. Besides the spatial and seasonal variations of the marine resources considered, the results also indicate the energy potential of these coastal environments as well as the performances of some offshore wind turbines, which may operate in these regions.
Introduction
The energy demand and the quality of life are closely related; in the sense that a developed country can manage the energy needs to support development at an acceptable cost [1] . The coastlines cover a total length of 1,634,701 km, being shared by almost 84% of the world countries, with the mention that most of the people live and work within about a 100 km strip [2] from the coast (ex: Australia-89.8%; Brazil-48.6%; Somali-54.8% or Vietna-82.8%). It is important to highlight that the energy supply remains a constant challenge since the power outages represent common events, especially in developing countries [3, 4] . The coastal areas are defined by unique features. They are dominated by the action of the natural forces, such as wind and waves, which significantly vary in intensity from one site to another. A proper understanding of these forces is essential for any coastal project, regardless if we discuss beach stability, shoreline protection, harbor design, or renewable energy projects [5] . Regarding the renewable sources, there are increasing voices that consider that the mixed wind-wave projects represent a viable solution for the near future [6] [7] [8] , taking into account that a similar approach was already used for other energy sources [9] [10] [11] [12] [13] [14] .
From this perspective, the aim of present work is to provide a complete picture of the wind and wave resources distribution from the coastal environments of some developing countries, from a meteorological point of view, and also by assessing the local energy potential from the perspective of a renewable project. A significant amount of the research reported on a global scale are carried out only for a single marine parameter (wind or wave) and in general the main concerns are related to the long-term environmental studies (ex: climate change) or to the validation of some numerical models [15] [16] [17] . If we discuss the renewable studies, in general the researches are focused on "hot-spot" areas, as defined by important energy resources, such as the European coasts, while the developing
1.
Assessment of the energy budget reported for several developing countries, by taking into account the processes that are related to the fossil fuel consumption and the interest of these countries for the renewable energy projects;
2.
A better understanding of the global wind and wave conditions from a meteorological point of view by taking into account fifteen different references sites. In this case will be evaluated the monthly, seasonal and inter-annual variations; 3.
Establish the energy profile of each site by using specific parameters; 4.
Identify the performances of some common offshore wind turbines, which may operate in these coastal environments.
Methods and Materials
The methodology considered in the present work is simple but at the same time robust. After processing the NetCDF (Network Common Data Form) files from the European Centre for Medium range Weather Forecast (ECMWF) server, which contain wind and wave information, a time series for each reference site will be obtained. Then, by using statistical analysis of the specific parameters, it will be possible to identify the seasonal variations and the energy profile of each site and also to make direct comparisons between them. Since all of the sites are located close to the shoreline, the benefit of using reanalysis data from ECMWF in the detriment of satellite measurements is related to the accuracy. The ECMWF time series are defined by 100% valid data, while in the case of the altimeter measurements it is possible to register gaps in the time series, also known as NaN (Not a Number), which represents a common problem for the coastal environments [35, 55, 56] . As a limitation, it is important to mention that from the previous comparisons of the ECMWF wave data, with in situ measurements it was reported that these simulated values tend to underestimate the peak values, especially from the higher power class. Nevertheless, these missing peaks represent a common issue for the numerical wave models [57] . Figure 1 presents the locations of the reference sites considered and also the development level corresponding to each geographical region. A total of fifteen sites was defined in the vicinity of the coastal environments of America, Africa, and Asia, from which eight sites are located in the Southern hemisphere. As can be seen from the figure, a significant percentage of the African region is included in the least developed countries category, so from this perspective the urge for energy should be more stringent in this area. By using a specific reference site, it will be easier to assess the potential of that site, compared to a spatial map where the values can be only approximated. 2. A better understanding of the global wind and wave conditions from a meteorological point of view by taking into account fifteen different references sites. In this case will be evaluated the monthly, seasonal and inter-annual variations; 3. Establish the energy profile of each site by using specific parameters; 4. Identify the performances of some common offshore wind turbines, which may operate in these coastal environments.
The Target Areas

Methods and Materials
The methodology considered in the present work is simple but at the same time robust. After processing the NetCDF (Network Common Data Form) files from the European Centre for Medium range Weather Forecast (ECMWF) server, which contain wind and wave information, a time series for each reference site will be obtained. Then, by using statistical analysis of the specific parameters, it will be possible to identify the seasonal variations and the energy profile of each site and also to make direct comparisons between them. Since all of the sites are located close to the shoreline, the benefit of using reanalysis data from ECMWF in the detriment of satellite measurements is related to the accuracy. The ECMWF time series are defined by 100% valid data, while in the case of the altimeter measurements it is possible to register gaps in the time series, also known as NaN (Not a Number), which represents a common problem for the coastal environments [35, 55, 56] . As a limitation, it is important to mention that from the previous comparisons of the ECMWF wave data, with in situ measurements it was reported that these simulated values tend to underestimate the peak values, especially from the higher power class. Nevertheless, these missing peaks represent a common issue for the numerical wave models [57] . Figure 1 presents the locations of the reference sites considered and also the development level corresponding to each geographical region. A total of fifteen sites was defined in the vicinity of the coastal environments of America, Africa, and Asia, from which eight sites are located in the Southern hemisphere. As can be seen from the figure, a significant percentage of the African region is included in the least developed countries category, so from this perspective the urge for energy should be more stringent in this area. By using a specific reference site, it will be easier to assess the potential of that site, compared to a spatial map where the values can be only approximated. [58] and the reference sites considered for evaluation.
The Target Areas
ERA-Interim Global Wind and Wave Data
The wind and wave data considered in the current study are provided by the ERA-Interim database, which is a global reanalysis project, which is maintained by the European Centre for Medium-Range Weather Forecasts [59] . Since this is a global database, the meteorological products are obtained and calibrated throughout a data assimilation system, which involves a four-dimensional variational system, which is capable of incorporating observations coming from multiple satellites or in-situ stations [60] . If discussing the wind data, it is important to mention that almost 98% of the assimilated values are provided by the satellites from which there can be mentioned the missions QuikScat, Geo/MODIS or European Remote Sensing (ERS). The wind parameters (speed and direction) are reported to a height of 10 m above the sea level, being processed throughout a high resolution forecast system, capable of generating values on a global scale at every 6 h [61] . Regarding the wave data, the ECMWF database is connected to the WAM (Wave Model) model, which is implemented on a global scale. The core of this model is represented by a computational grid of 0.36 • × 0.36 • , which computes a wave spectrum that is defined by 24 directions and 30 frequency bins, respectively. On a local scale, the model can be run at a higher resolution (0.25 • × 0.25 • ), in order to simulate the shallow water effects, this being the case of the North Sea or of the Black Sea. It is important to mention that the hindcast values are adjusted by using satellite data [61, 62] .
The reanalysis database covers the entire period from 1979 till present, but for the current work, only a 16-year period (2001-2016) was taken into account for the wind and wave data. The following wave parameters were considered: (a) significant height of combined wind-waves and swell (Hs), (b) mean wave period (Te), and (c) mean wave direction (Dir). Each parameter is daily reported with a spatial resolution of 0.75 • × 0.75 • and a 6-h time step (00-06-12-18 UTC). A similar spatial and temporal resolution was used in the case of the wind speed and direction, with the mention that the original values reported at a height of 10 m where adjusted to a level of 80 m (U80 wind speed) throughout a logarithmic formula [63] . This is because most of the commercial wind turbines operating on land or offshore are defined by a hub height that start from this level [64, 65] , and one of the purpose of this work is to identify their general performances.
Several key parameters are used to assess the energy potential and the consistency of the wind and wave resources. The first one is the wind power density (WPD) index, which is frequently used to identify the energy potential of a particular site by evaluating the energy concentrated in the air flow. It can be defined by the following expression [66] :
where, ρ represents the air density (≈1.22 kg/m 3 ) and U80 the wind speed reported at a height of 80 m above sea level. The WPD parameter is considered to be a comprehensive index in assessing the wind resources being possible to define a particular site by using classes of wind power density, which reveal the energy potential. As can be observed, the energy potential of a site is proportional to the cube (the third power) of the wind speed, being also influenced by the density of the air [67] . Another important index is the wave power (Pw), reported for the deep water conditions, which is obtained throughout the expression [40, 68] :
where: Pw-energy flux (kW/m), ρ-density of the seawater (1025 kg/m 3 ), g-gravitational acceleration (9.81 m/s 2 ), Te (s)-wave energy period which represent the ratio of the first negative moment of the spectrum to the zeroth moment of the spectrum, Hs (m)-significant wave height, which represent the mean wave height of the highest third of the waves. The wave height and period represent are frequently used to describe the sea state from a meteorological point of view. By using the Pw index, we incorporate the Hs and Te parameters into a single relation, highlighting in this way the two components that define the waves, respectively: the kinetic and the potential energy [69] . Another way to assess the energy profile of a specific site is to use the total harmonic distortion (THD) index, which can identify the power smoothing of a natural resource, while taking into account that a lower value of this index is considered to be beneficial for a renewable project. The THD index is defined by the following expression [70] :
where: σ-standard deviation; x-the average value of the parameter, which either can be wind power (THD WPD) or wave power (THD Pw).
Results
Each reference site is assigned to a particular country, and in order to understand the energy market and the renewable contribution, Table 1 presents a statistical evaluation (average values) of the main indicators that are corresponding to the time period from 1990 to 2015. It is important to mention that most of the countries considered for this work (underlined) are not included in the Global Statistical Yearbook 2016 [71] , so as a reference site a nearby country was considered, for which this information was available. The following correlations were made: AM2 → Chile; AF1 → Nigeria; AF2-AF4 → South Africa; AF5 → Egypt; AS1 → Thailand; AS2 → Malaysia; AS3 → Indonesia. The site AS4 was not taken into account, while as a reference the values provided on a Global and European scale were considered. The first indicator that was considered for evaluation is the EBT (Electricity Balance of Trade) index, which quantifies the differences between imports and exports, with the mention that a net exporter will be indicated throughout a negative value. For the time interval considered, it can be observed that the site AS5 (Russia) reports a negative value (−16) when compared to the site AM4 (Brazil), which heavily depends on imports. Equilibrium seems to be achieved by the sites AM1, AM5, AF5, AS2, and AS3, where zero values are reported. Another parameter is TBT (Total Balance of Trade) index, which includes all of the resources available. Similarly to the previous analysis, Russia is on top of the exports with 450 Mtoe, being followed by Venezuela (AM5) with 140 Mtoe, while on an opposite side Thailand (AS1) can be mentioned with an import of 40 Mtoe. The CO 2 intensity represents another parameter that is capable of estimating the ratio of CO 2 emissions from fuel combustion over Gross Domestic Product (GDP) measured in constant US $ at purchasing power parities. This measures the CO 2 emitted to generate one unit of GDP, and in this case, the sites AS5, AF2-AF4 present more consistent values as compared to AF1, where a minimum of 0.07 kCO 2 The renewable contribution is expressed in percentage and includes all forms of generations (hydro, wind, geothermal, and solar). From this point of view, Brazil (AM4) and Venezuela (AM5) account for a maximum of 87.8% and 70.2%, respectively, from the total contributions, when compared to South Africa (AF2-AF4) and Thailand (AS1), where significantly lower values are noticed. From this distribution it can be observed that the wind & solar share are quite insignificant, most of the countries reporting a zero value, with more promising results being reported near the sites AS3 and AM1.
The results presented in Table 1 are completed by the info provided in Figure 2 , where various trend patterns can be observed. Regarding the electricity balance, it can be noticed that the values constantly fluctuate, with the mention that for the first time Mexico reported a negative value in 2015. In terms of the CO 2 emissions, Brazil has in the present a maximum of 500 MtCO 2 , which is almost twice as high as the value reported in 1990. In the renewable energy market, it can be observed that the European market registers an ascending trend, reaching a maximum of 34.2% in 2015, when comparing to the Global values, where a constant decline seems to be noticed. Regarding the wind and solar industry, it can be observed that there is an interest for these two energetic sectors, except for Russia and Venezuela, where the values are close to zero. The results presented in Table 1 are completed by the info provided in Figure 2 , where various trend patterns can be observed. Regarding the electricity balance, it can be noticed that the values constantly fluctuate, with the mention that for the first time Mexico reported a negative value in 2015. In terms of the CO2 emissions, Brazil has in the present a maximum of 500 MtCO2, which is almost twice as high as the value reported in 1990. In the renewable energy market, it can be observed that the European market registers an ascending trend, reaching a maximum of 34.2% in 2015, when comparing to the Global values, where a constant decline seems to be noticed. Regarding the wind and solar industry, it can be observed that there is an interest for these two energetic sectors, except for Russia and Venezuela, where the values are close to zero. Figure 3a presents the variation of the mean wind speed (U80 parameter), structured on full time and winter time distribution, where the latest was considered to be the interval between October and March for the sites located in the Northern Hemisphere, while the interval April-September was considered as winter time for the Southern Hemisphere. In this figure, the sites located in the Southern Hemisphere are marked with the symbol *. The site AM3 stands out with a maximum wind velocity value of 12.3 m/s (full and winter time distribution), being followed by the site AS5 with 11.78 m/s (in winter) and AF5 with 10.24 m/s (for full time). Much lower values can be encountered near the sites AM1, AF2, and AS4, with the mention that the conditions reported in the vicinity of the site AS4 do not exceed 4 m/s. A more detailed evaluation of the wind conditions is represented in Figure 3b , where the monthly variation of the local conditions was represented for some reference sites. There are significant variations between the monthly values, except for the sites AM3 and AF3, which reveal mean values in the range 12-13.4 m/s and 8.3-9.3 m/s, respectively. Definitely, the most severe changes are corresponding to the site AF5, which during the summer may reach a maximum wind speed value of 16.9 m/s, as compared to the winter time, when a maximum of 9.5 m/s is reported in December. The site AS5 shows a clearer presence of the winter and summer seasons, indicating a maximum value of 13.2 m/s in December and a minimum value of 6.7 m/s from May to July. Figure 3a presents the variation of the mean wind speed (U80 parameter), structured on full time and winter time distribution, where the latest was considered to be the interval between October and March for the sites located in the Northern Hemisphere, while the interval April-September was considered as winter time for the Southern Hemisphere. In this figure, the sites located in the Southern Hemisphere are marked with the symbol *. The site AM3 stands out with a maximum wind velocity value of 12.3 m/s (full and winter time distribution), being followed by the site AS5 with 11.78 m/s (in winter) and AF5 with 10.24 m/s (for full time). Much lower values can be encountered near the sites AM1, AF2, and AS4, with the mention that the conditions reported in the vicinity of the site AS4 do not exceed 4 m/s. A more detailed evaluation of the wind conditions is represented in Figure 3b , where the monthly variation of the local conditions was represented for some reference sites. There are significant variations between the monthly values, except for the sites AM3 and AF3, which reveal mean values in the range 12-13.4 m/s and 8.3-9.3 m/s, respectively. Definitely, the most severe changes are corresponding to the site AF5, which during the summer may reach a maximum wind speed value of 16.9 m/s, as compared to the winter time, when a maximum of 9.5 m/s is reported in December. The site AS5 shows a clearer presence of the winter and summer seasons, indicating a maximum value of 13.2 m/s in December and a minimum value of 6.7 m/s from May to July.
Analysis of the Wind Conditions
The U80 histograms are represented in Figure 4 by taking into account the sites considered in Figure 3b . From the first analysis, it can be observed that the wind conditions in the classes 0-3 m/s are quite insignificant regardless the considered time interval, while the site AF5 seems to present during winter more consistent values below the 12 m/s limit. The following wind classes can be considered as representative for the site AM3 → ≥15 m/s and AF3, AF5, AS2, AS5 → 6-12 m/s, with the mention that the site AS5 register more often winds speeds exceeding 15 m/s, which may be considered an advantage in relationship with the performance of a wind turbine. There are significant differences between the full and winter time distribution, as for example, in the case of the site AF5, it can be noticed the attenuation of the extreme values during winter.
Besides the wind speed, another important parameter is the wind direction, which significantly influences the layout of particular offshore wind farms [72] . Such distribution is highlighted in Figure 5 for all of the sites, by using wind roses based on the full time distribution. The current results closely follow the global prevailing wind pattern, in some cases the dominant wind directions being influenced by the coastline orientation, as in the case of the site AM2 or AF5, respectively. For the site AM3, the western sector seems to be dominant when compared to the site AF3, where the distribution is divided between the western and the eastern sectors. The sites AF5, AS1, and AS2 are under the influence of the prevailing and the trade winds, when compared to the site AS5 the polar winds coming from the northeast sector are dominant. The U80 histograms are represented in Figure 4 by taking into account the sites considered in Figure 3b . From the first analysis, it can be observed that the wind conditions in the classes 0-3 m/s are quite insignificant regardless the considered time interval, while the site AF5 seems to present during winter more consistent values below the 12 m/s limit. The following wind classes can be considered as representative for the site AM3 → ≥15 m/s and AF3, AF5, AS2, AS5 → 6-12 m/s, with the mention that the site AS5 register more often winds speeds exceeding 15 m/s, which may be considered an advantage in relationship with the performance of a wind turbine. There are significant differences between the full and winter time distribution, as for example, in the case of the site AF5, it can be noticed the attenuation of the extreme values during winter.
Besides the wind speed, another important parameter is the wind direction, which significantly influences the layout of particular offshore wind farms [72] . Such distribution is highlighted in Figure 5 for all of the sites, by using wind roses based on the full time distribution. The current results closely follow the global prevailing wind pattern, in some cases the dominant wind directions being influenced by the coastline orientation, as in the case of the site AM2 or AF5, respectively. For the site AM3, the western sector seems to be dominant when compared to the site AF3, where the distribution is divided between the western and the eastern sectors. The sites AF5, AS1, and AS2 are under the influence of the prevailing and the trade winds, when compared to the site AS5 the polar winds coming from the northeast sector are dominant. The wind conditions from the intervals 6-9 m/s and higher than 9 m/s are encountered more often, except for the sites AM1, AF1, AF2, AF4, AS3, and AS4, where the interval 3-6 m/s seems to be dominant.
Similar to the Beaufort scale, which describes the empirical correlation between the wind speed and a particular sea state [73] , also the wind energy potential of a particular site can be identified throughout the wind power classes denoted from C1 to C7 [64] [65] [66] 74] , where the latest one represents the most attractive from an energetic perspective. In Table 2 The wind conditions from the intervals 6-9 m/s and higher than 9 m/s are encountered more often, except for the sites AM1, AF1, AF2, AF4, AS3, and AS4, where the interval 3-6 m/s seems to be dominant.
Similar to the Beaufort scale, which describes the empirical correlation between the wind speed and a particular sea state [73] , also the wind energy potential of a particular site can be identified throughout the wind power classes denoted from C1 to C7 [64] [65] [66] 74] , where the latest one represents the most attractive from an energetic perspective. In Table 2 , the two indexes mentioned above, WPD and wind classes, are evaluated (only for the full time distribution) when considering all of the reference sites. The WPD index has average values in the range: 91-1731 W/m 2 → America The wind conditions from the intervals 6-9 m/s and higher than 9 m/s are encountered more often, except for the sites AM1, AF1, AF2, AF4, AS3, and AS4, where the interval 3-6 m/s seems to be dominant.
Similar to the Beaufort scale, which describes the empirical correlation between the wind speed and a particular sea state [73] , also the wind energy potential of a particular site can be identified throughout the wind power classes denoted from C1 to C7 [64] [65] [66] 74] , where the latest one represents the most attractive from an energetic perspective. In Table 2 The wind power distribution is expressed in percentage, the dominant values being highlighted. There are two dominant classes, which gather most of the important values, C1 and C7, which represent more promising conditions at the sites AM3, AF3, AF5, AS2, and AS5. Except for the site AM3, which seems to have more important resources (C7-72.27%), it can be mentioned that for the rest of the energetic sites that the values from the class C7 do not exceed 50%. 
Analysis of the Wave Conditions
In Figure 6 , the monthly distribution of the Hs and Te parameters are presented. Regarding the Hs values, it can be mentioned that from the group sites AM, that the site AM3 stand out with values located in the range 3.1-3.8 m, being followed at a larger distance by the remaining AM sites, which does not exceed the 2 m limit, not even during the winter time. From the group sites AF, the most important values correspond to the sites AF3 and AF5, which may reach maximum values of 3.3 m (in August) and 3.5 m (in July), respectively. Going to the AS sites, it can be mentioned that from May to August, the sites AS1 and AS3 may have a maximum of 2.3 m, while during October-December, the site AS5 stands out with values in the range 2.4-3 m. Considerably lower values are noticed during February-April, when the site AS5 may report a minimum of 0.28 m. The monthly variation of the parameter Te is illustrated in Figure 6b , of which the values are expected to vary in the range of: AM1 → 10.5-11.3 s; AM3 → 9.2-10 s; AM5 → 6.5-7.6 s; AF2 → 9.4-11.1 s; AF4 → 8-9.3 s; AS1 → 8-10.5 s; AS3 → 9.6-10.4 s; AS5 → 1.1-8.1 s.
The wave energy potential is highlighted more clearly in Figure 7a , where the average values of the Hs index are structured in full and winter time distribution, respectively. The average values are in the range 1.2-2 m, with the mention that there are sites where the wave heights do not exceed the 1.5 m limit, as in the case of the sites AM1 and AF1. Regarding the maximum values, the sites AM3 and AF3 stand out with peaks of 3.6 m and 3.1 m, while on the opposite side, the site AS4 seems to be located with the lowest value (0.6 m).
The wave period may vary from 5.2 s to 11 s, reporting a constant decrease of the values obtained from the site AM1 to AM5 and a normal (Gaussian) distribution of for the AF sites. From the group sites AS, lower values are reported close to the sites AS2 and AS5, while for the remaining sites, there can be values expected in the range 8.1-10.3 s. Figure 7c illustrates the structure of the wave height for the most promising sites presented in histograms. The site AS4 was selected in order to highlight the differences between an energetic area and a moderate one, and as can be observed that this site is characterized by a significant presence of the waves in the interval 0.5-1.5 m, which is not the case for other sites. By comparing the site AM3 with AF5, it can be mentioned that the first one presents a significant percentage of waves that exceed 3 m (≈68%), when compared to the last one where the waves from the interval 1-1.5 m (≈26%) are more consistent. The site AF3 presents a constant increase of the values, reaching a maximum percentage for the Hs values located above the 3 m limit. Regarding the histograms of the wave periods (Figure 7d) , there is a tendency of the sites AF5 and AS4 to have more consistent values in the range 6-10 s, as compared to AM3 and AF3, where the wave periods higher than 10 s represent the peak of these distribution. Figure 7c illustrates the structure of the wave height for the most promising sites presented in histograms. The site AS4 was selected in order to highlight the differences between an energetic area and a moderate one, and as can be observed that this site is characterized by a significant presence of the waves in the interval 0.5-1.5 m, which is not the case for other sites. By comparing the site AM3 with AF5, it can be mentioned that the first one presents a significant percentage of waves that exceed 3 m (≈68%), when compared to the last one where the waves from the interval 1-1.5 m (≈26%) are more consistent. The site AF3 presents a constant increase of the values, reaching a maximum percentage for the Hs values located above the 3 m limit. Regarding the histograms of the wave periods (Figure 7d ), there is a tendency of the sites AF5 and AS4 to have more consistent values in the range 6-10 s, as compared to AM3 and AF3, where the wave periods higher than 10 s represent the peak of these distribution. Figure 7c illustrates the structure of the wave height for the most promising sites presented in histograms. The site AS4 was selected in order to highlight the differences between an energetic area and a moderate one, and as can be observed that this site is characterized by a significant presence of the waves in the interval 0.5-1.5 m, which is not the case for other sites. By comparing the site AM3 with AF5, it can be mentioned that the first one presents a significant percentage of waves that exceed 3 m (≈68%), when compared to the last one where the waves from the interval 1-1.5 m (≈26%) are more consistent. The site AF3 presents a constant increase of the values, reaching a maximum percentage for the Hs values located above the 3 m limit. Regarding the histograms of the wave periods (Figure 7d ), there is a tendency of the sites AF5 and AS4 to have more consistent values in the range 6-10 s, as compared to AM3 and AF3, where the wave periods higher than 10 s represent the peak of these distribution. A complete statistical analysis of the wave parameters is presented in Table 3 . Throughout the 95th index, denoted that the 95 percentile represents a statistical parameter indicating that the value obtained is higher than 95% of the data in the time series. In the case of the Hs parameter, this reaches a maximum of 5.8 m for the site AM3 and 4.1 m for AS5, when compared to AS4 where a value of 1.4 m represents an energetic condition. Although the site AS5 seems to indicate the presence of higher values, from the analysis of the wave heights distributed below 1 m, it can be observed that almost 42% of the heights are grouped in this range. Regarding the wave power, the following average values can be mentioned from each reference group: AM3 → 67.5 kW/m; AF3 → 44.4 kW/m; AS3 and AS5 ≈ 15.5 kW/m with the mention that the site AS5 also reports a value of 72.1 kW/m for the 95 percentile. Another evaluation of the sea state distribution is presented in Figure 8 , where the bivariate distributions of the parameter Hs and Te were represented for the reference sites AM3, AF3, AF5, and AS4. The bivariate distribution represents a joint evaluation of the Hs and Te parameters, which is capable of providing enough information to fully define a sea state. These diagrams are computed by using ∆Hs × ∆Te cells (0.5 m × 0.5 s), which are expressed as a percentage from the total occurrences. By combining these diagrams with a particular power matrix of a wave energy converter, it is possible to evaluate the performances of a wave energy converter [56, 75] . The results are computed only for the full time distribution, which are indicated in terms of the percentage of the total occurrences, being also indicated the wave power isolines covering the interval 5-800 kW/m. The differences between the sites are obvious, especially in the case of the site AS4 where a flat distribution of the data around the 5 kW/m isoline can be observed.
In the case of the site AM3 a 3% distribution of the values located in the range of 3-4 m and 8.5-9.5 s can be reported, with the mention that the fingerprint of this can also reveal values that are located between 200 kW/m and 800 kW/m. Regarding the site AF3, it can be mentioned that a maximum distribution of 5% is reported by the cells located in the intervals 2-3 m and 9-11 s, respectively. 
Discussion of the Results
In this section, a detailed investigation of the wind and wave energy potential is carried out. Figure 9 illustrates the distribution of the wind power density represented for the full (first line) and winter time distribution (second line), where the results are indicated in terms of the average values and the associated wind power classes. The sites AM3, AF3, AS2, and AS5 present values that reveal a constant distribution in class 7, when comparing to the site AF5, where a 1072 W/m 2 (class 7) is indicated during winter and a 356 W/m 2 define the full time (class 5). The sites AM4 and AM5 can be also taken into account for a wind project since they indicate winds from the classes C4 and C5 (294-344 W/m 2 ). Moderate conditions are reported by the sites AM1, AF1, AF2, AS3, and AS4, where the values do not exceed the C1 and C2 classification, which is not viable for a wind project. In order to identify the theoretical performance of a wind turbine the cut-off and rated capacity indexes of a wind turbine were evaluated (in %). 
In this section, a detailed investigation of the wind and wave energy potential is carried out. Figure 9 illustrates the distribution of the wind power density represented for the full (first line) and winter time distribution (second line), where the results are indicated in terms of the average values and the associated wind power classes. The sites AM3, AF3, AS2, and AS5 present values that reveal a constant distribution in class 7, when comparing to the site AF5, where a 1072 W/m 2 (class 7) is indicated during winter and a 356 W/m 2 define the full time (class 5). The sites AM4 and AM5 can be also taken into account for a wind project since they indicate winds from the classes C4 and C5 (294-344 W/m 2 ). Moderate conditions are reported by the sites AM1, AF1, AF2, AS3, and AS4, where the values do not exceed the C1 and C2 classification, which is not viable for a wind project. In order to identify the theoretical performance of a wind turbine the cut-off and rated capacity indexes of a wind turbine were evaluated (in %). For the cut-off distribution the percentage located below these values (3 m/s in this case) was evaluated, during which the turbine would not generate electricity. For the rated capacity, the interval between the rated wind speed (12.5 m/s in this case) and the cut-off value was considered, which for most important offshore wind turbines are set to 25 m/s [76] . During this period, the wind generator will report the best performances in terms of electricity output. Maximum values of the cut-off distribution are accounted by the sites AS4-44.9%, AM1-29%, and AF2-23.58%, while on an opposite side there can be mentioned the sites AM3-2.8%, AM5-1.21% and AM2-0.39%. Regarding the rated capacity index, it can be mentioned that with the exception of the sites AM3, AF3, AF5, AS2, and AS5, the remaining sites present values close to zero.
As for the wave energy, Figure 10 presents a similar assessment, where for PW, eight wave classes were also indicated to the respective mean value. Similar to the wind energy, the wave energy can be divided also into classes, for this work only eight intervals being considered [77] denoted from C1 to C8, the first one being associated with a low energy level. The site AM3 exceeds the 60 kW/m limit, which is associated with the class C8, are followed by the site AF3 with a maximum power of 54 kW/m (class C7). Other relevant sites include AS3 and AS5, which present average values in the range of 15-25 kW/m 2 , and other sites that may report values in the C4 interval. The monthly variations are more significant for the sites that are located in the northern hemisphere, the differences between the minimum and maximum values are close to 90% for AS5, AS2, and AF5, while for the sites located in the southern part, in general the values are close to 50%.
If we discuss the inter-annual fluctuations, the differences are smaller than in the case of the monthly fluctuations, with the mention that the sites AM3, AS2, and AS5 have the maximum peaks of 41%, 43%, and 57%, respectively. A much smaller variation is reported at the sites AM1, AM2, and AF1, where the values are close to 15%, while for the rest of the sites, the fluctuations are located in the range of 20-30%.
Regarding the fluctuations of the marine conditions, Table 4 presents the variation of the U80 and Hs parameters. Regarding the monthly fluctuations, it can be mentioned that most of the sites located in the western part (except for AM3, AM5, and AF3) indicate more severe variations of the U80 parameter when compared to the Hs values, also including here the site AS1 located on the eastern side. For the cut-off distribution the percentage located below these values (3 m/s in this case) was evaluated, during which the turbine would not generate electricity. For the rated capacity, the interval between the rated wind speed (12.5 m/s in this case) and the cut-off value was considered, which for most important offshore wind turbines are set to 25 m/s [76] . During this period, the wind generator will report the best performances in terms of electricity output. Maximum values of the cut-off distribution are accounted by the sites AS4-44.9%, AM1-29%, and AF2-23.58%, while on an opposite side there can be mentioned the sites AM3-2.8%, AM5-1.21% and AM2-0.39%. Regarding the rated capacity index, it can be mentioned that with the exception of the sites AM3, AF3, AF5, AS2, and AS5, the remaining sites present values close to zero.
As for the wave energy, Figure 10 presents a similar assessment, where for P W , eight wave classes were also indicated to the respective mean value. Similar to the wind energy, the wave energy can be divided also into classes, for this work only eight intervals being considered [77] denoted from C1 to C8, the first one being associated with a low energy level. The site AM3 exceeds the 60 kW/m limit, which is associated with the class C8, are followed by the site AF3 with a maximum power of 54 kW/m (class C7). Other relevant sites include AS3 and AS5, which present average values in the range of 15-25 kW/m 2 , and other sites that may report values in the C4 interval. The monthly variations are more significant for the sites that are located in the northern hemisphere, the differences between the minimum and maximum values are close to 90% for AS5, AS2, and AF5, while for the sites located in the southern part, in general the values are close to 50%.
Regarding the fluctuations of the marine conditions, Table 4 presents the variation of the U80 and Hs parameters. Regarding the monthly fluctuations, it can be mentioned that most of the sites located in the western part (except for AM3, AM5, and AF3) indicate more severe variations of the U80 parameter when compared to the Hs values, also including here the site AS1 located on the eastern side. . From C1 to C7 the energy classes are indicated according to [77] , with the mention that the last one (C8) relates the highest energy level. For the wind conditions, a maximum value of 62.12% is reported by AS1, followed by 49.91% for AF1, while for the waves a maximum of 90.57% is accounted by AS5 and a minimum of 17.57% is associated to AM3. In terms of the inter-annual values, for the wind speed, it can be mentioned that the sites AS2, AM2, and AS4 have values in the range 21.72-23.02% when compared to the wave height inter-annual variations, where a maximum of 47.83% is reported close to AS5. Figure 11 illustrates the normalized distribution of the two parameters, where each average value was divided to the maximum value reported by the reference sites. The results are sorted in a descending order, where the points AM3, AF3, and AF5 can be included in the top five sites (wind and waves). . From C1 to C7 the energy classes are indicated according to [77] , with the mention that the last one (C8) relates the highest energy level. For the wind conditions, a maximum value of 62.12% is reported by AS1, followed by 49.91% for AF1, while for the waves a maximum of 90.57% is accounted by AS5 and a minimum of 17.57% is associated to AM3. In terms of the inter-annual values, for the wind speed, it can be mentioned that the sites AS2, AM2, and AS4 have values in the range 21.72-23.02% when compared to the wave height inter-annual variations, where a maximum of 47.83% is reported close to AS5. Figure 11 illustrates the normalized distribution of the two parameters, where each average value was divided to the maximum value reported by the reference sites. The results are sorted in a descending order, where the points AM3, AF3, and AF5 can be included in the top five sites (wind and waves). Figure 12 illustrates the distribution of the THD index that was introduced on Equation (3). Based on these results, it can be observed that wave THD presents much lower value than in the case of the wind conditions. This may be considered to be a realistic evaluation if we take into account that the wave energy varies more slowly in time and space, than in the case of the wind resources There are also some exceptions, as in the case of the site AF5, where the two values coincide with each other, and for the sites AS2 and AS5 where the wind THD is lower. The wind THD varies between 0.69 and 1.94, the biggest differences being noticed between the sites AM5 and AM1. From the AF group, a maximum of 1.71 is reported by AF4, while a minimum of 0.93 is accounted by the site AF2. Regarding the values that are associated with the wave index, it can be observed that the best locations to develop a wave project are in the vicinity of the sites AM1, AM2, and AF1, which present values located below 0.51, while on contrary, the less attractive sites seem to be AS2 and AS5 with 1.42 and 2.03. Figure 12 illustrates the distribution of the THD index that was introduced on Equation (3). Based on these results, it can be observed that wave THD presents much lower value than in the case of the wind conditions. This may be considered to be a realistic evaluation if we take into account that the wave energy varies more slowly in time and space, than in the case of the wind resources There are also some exceptions, as in the case of the site AF5, where the two values coincide with each other, and for the sites AS2 and AS5 where the wind THD is lower. The wind THD varies between 0.69 and 1.94, the biggest differences being noticed between the sites AM5 and AM1. From the AF group, a maximum of 1.71 is reported by AF4, while a minimum of 0.93 is accounted by the site AF2. Regarding the values that are associated with the wave index, it can be observed that the best locations to develop a wave project are in the vicinity of the sites AM1, AM2, and AF1, which present values located below 0.51, while on contrary, the less attractive sites seem to be AS2 and AS5 with 1.42 and 2.03. Figure 12 illustrates the distribution of the THD index that was introduced on Equation (3). Based on these results, it can be observed that wave THD presents much lower value than in the case of the wind conditions. This may be considered to be a realistic evaluation if we take into account that the wave energy varies more slowly in time and space, than in the case of the wind resources There are also some exceptions, as in the case of the site AF5, where the two values coincide with each other, and for the sites AS2 and AS5 where the wind THD is lower. The wind THD varies between 0.69 and 1.94, the biggest differences being noticed between the sites AM5 and AM1. From the AF group, a maximum of 1.71 is reported by AF4, while a minimum of 0.93 is accounted by the site AF2. Regarding the values that are associated with the wave index, it can be observed that the best locations to develop a wave project are in the vicinity of the sites AM1, AM2, and AF1, which present values located below 0.51, while on contrary, the less attractive sites seem to be AS2 and AS5 with 1.42 and 2.03. 
Conclusions
In the present work, a detailed assessment of the global wind and wave conditions in the nearshore environments of some developing countries was carried out, based on the 16-year time interval (2001-2016) of reanalysis data. The presented results provide a better understanding of the considered marine resources by taking into account an updated state-of-the-art database. In the context of emerging wind-wave projects, by analyzing the energy profile of each site and the seasonal variability it is possible to indicate the most suitable environments from this point of view. Since in the present work we focused on the average values, it is not viable to use the present information for the design of the coastal structures, where the extreme values are more important. Also, it can be mentioned that at this moment the price of electricity that is generated from the offshore wind and wave sources is still higher than the ones coming from the fossil fuels power plants, and therefore in the developing areas there are no possibility for such solutions. Nevertheless, these two marine resources (wind and wave) may represent a sustainable solution for the near future and starting from the present results, some scenarios can be elaborated in this direction.
The main findings and contributions of the present work are presented below:
1. throughout a literature review, the energy market and the progress of the renewable industry were identified for each target area. For the regions that are not included in the Global Statistical report [71] , the associated values can be considered as an optimistic indicator; 2.
more promising sites in terms of the wind resources were identified, which are close to: AM3 (Chile), AF5 (Somalia), AS5 (Russia), AS2 (Vietnam), and AF3 (South Africa), respectively; 3.
lower wind resources are noticed close to: AF4 (Madagascar), AF1 (Guinea-Bissau), AS3 (Timor), AF2 (Angola), AM1 (Mexico), and AS4 (Papua New Guinea), respectively. This means that it will not be viable to develop an offshore wind project near these sites; and, 4.
the best performances of a wind turbine are expected to be registered close to the site AM3. In this case a rated capacity of 50% was obtained, which means that the generator will operate at full capacity at least 50% from the time interval considered for evaluation. 5.
in terms of the wave energy most of the sites present values located in the classes C1, C2, and C3, which are considered to be moderate; 6.
the best performances of a wave farm are expected to be obtained near the sites AM3 (Chile) and AF3 (South Africa). Since the wind and waves are more powerful close to these areas, it can be expected that a joint wind-wave project will be more successful in these two coastal environments; 7.
in general, the inter-annual variations of the Hs parameter exceed the monthly variations; 8.
on a global scale, the AS group sites present more significant monthly variations of the wave heights; and, 9.
a classification of the sites, according to their wind and wave height was represented by taking into account the normalized values.
